Summary of SPAR Component Unreliability Data and Results
2010 Paramater Estimation Update

Group |Component Failure Mode Description Data Data Industry-aver age Failur e Probability or Rate Distribution (note a) Comments
Source Failures Demandsor Hours dor Components Distribution Analysis Mean [ B Error (see Appendix A for details)
h (note b) Tvpe Factor
g AOV ELS Air-Operated Valve (AOV) External Leak Small EPIX 64 1171601352 h 10283 Gamma JINID/IL 551E-08 64500 1.172E+09 12
?>5 AOV ELL Air-Operated Valve External Leak Large EPIX h Gamma (ELS*0.07, LL) 3.86E-09 0.300 7.778E+07 18.8 > 50 gpm. Small leak times 0.07.
AOV FC Air-Operated Valve (AOV) Loss of Function / Fail to EPIX 266 1171601352 h 10283 Gamma EB/PL/KS  2.49E-07 1421 5.719E+06 27
Control
AOV FTO/C Air-Operated Valve (AOV) Fail to Open/Close EPIX 146 173117 d 2207 Beta EB/PL/KS  9.51E-04 1112 1.168E+03 29
AOV ILS Air-Operated Valve (AOV) Internal Leak Small EPIX 113 1171601352 h 10283 Gamma JINID/IL 9.69E-08 113500 1.172E+09 12
AOV ILL Air-Operated Valve Internal Leak Large EPIX h Gamma (ILS*0.02, LL) 1.94E-09 0.300 1.548E+08 18.8 > 50 gpm. Small leak times 0.02
AOV SOP Air-Operated Valve (AOV) Spurious Operation EPIX 140 1171601352 h 10283 Gamma EB/PL/KS  1.31E-07 0.680 5.211E+06 34
CKV ELS Check Valve (CKV) External Leak Small EPIX 10 1004642562 h 8820 Gamma JINID/IL 1.05E-08 10.500  1.005E+09 16
CKV ELL Check Valve External Leak Large EPIX h Gamma (ELS*0.07, LL) 7.35E-10 0.300 4.082E+08 18.8 > 50 gpm. Small leak times 0.07.
CKV FTC Check Valve (CKV) Fail to Close EPIX 8 46841 d 599 Beta EB/PL/KS  2.38E-04 0.806 3.384E+03 32
CKV FTO Check Valve (CKV) Fail to Open EPIX [0} 46841 d 599 Beta JINID/IL 1.07E-05 0.500 4.684E+04 38
CKV ILS Check Valve (CKV) Internal Leak Small EPIX 204 1004642562 h 8820 Gamma EB/PL/KS  3.08E-07 0571 1.856E+06 37
CKV ILL Check Valve Internal Lesk Large EPIX h Gamma (ILS*0.02, LL) 6.15E-09 0.300 4.876E+07 18.8 > 50 gpm. Small leak times 0.02
CKV sC Check Valve (CKV) Spurious Closing EPIX 5 1004642562 h 8820 Gamma JINID/IL 5.47E-09 5.500 1.005E+09 18
CKV SO Check Valve (CKV) Spurious Opening EPIX 3 1004642562 h 8820 Gamma JINID/IL 3.48E-09 3.500 1.005E+09 20
EOV FTOC Explosive-Operated Valve (EOV) Fail to Open/Close EPIX 1 583 d 60 Beta JINID/IL 2.57E-03 1.500 5.827E+02 26
HOV ELS Hydraulic-Operated Valve (HOV) External Leak Small EPIX 19 87527799 h 771 Gamma JINID/IL 223E-07 19500  8.753E+07 14
HOV ELL Hydraulic-Operated Valve External Leak Large EPIX h Gamma (ELS*0.07, LL) 1.56E-08 0.300 1.922E+07 18.8 > 50 gpm. Small leak times 0.07.
HOV FC Hydraulic-Operated Valve (HOV) Loss of Function / Fail to EPIX 42 87527799 h 771 Gamma JINID/IL 4.86E-07 42500  8.753E+07 13
Control
HOV FTO/C Hydraulic-Operated Valve (HOV) Fail to Open/Close EPIX 24 20476 d 428 Beta JINID/IL 120E-03 24500  2.045E+04 14
HOV ILS Hydraulic-Operated Valve (HOV) Internal Leak Small EPIX 2 87527799 h 771 Gamma JINID/IL 2.86E-08 2.500 8.753E+07 22
HOV ILL Hydraulic-Operated Valve Internal Leak Large EPIX h Gamma (ILS*0.02, LL) 5.72E-10 0.300 5.245E+08 18.8 > 50 gpm. Small leak times 0.02
HOV SOF Hydraulic-Operated Valve (HOV) Spurious Operation EPIX 17 87527799 h 771 Gamma JINID/IL 2.00E-07 17.500  8.753E+07 14
MOV ELS Motor-Operated Valve (MOV) External Leak Small EPIX 51 1571522275 h 13807 Gamma EB/PL/KS  3.28E-08 0.476 1.451E+07 39
MOV ELL Motor-Operated Valve External Lesk Large EPIX h Gamma (ELS*0.07, LL) 2.29E-09 0.300 1.308E+08 18.8 > 50 gpm. Small leak times 0.07.
MOV FC Motor-Operated Valve (MOV) Loss of Function / Fail to EPIX 105 1571522275 h 13807 Gamma EB/PL/KS  6.62E-08 1.458 2.205E+07 26
Control
MOV FTO/C Motor-Operated Valve (MOV) Fail to Open/Close EPIX 532 602223 d 7445 Beta EB/PL/KS  9.63E-04 2.046 2.123E+03 24
MOV ILE Motor-Operated Valve (MOV) Internal Leak Small EPIX 145 1571522275 h 13807 Gamma EB/PL/KS  1.01E-07 0.655 6.477E+06 35
MOV ILL Motor-Operated Valve Internal Leak Large EPIX h Gamma (ILS*0.02, LL) 2.02E-09 0.300 1.485E+08 18.8 > 50 gpm. Small leak times 0.02
MOV SOF Motor-Operated Valve (MOV) Spurious Operation EPIX 52 1571522275 h 13807 Gamma EB/PL/KS  3.39E-08 0.570 1.684E+07 37
MSV ELS Main Steam Isolation Valve (MSV) External Leak Small EPIX 7 55836292 h 490 Gamma JINID/IL 1.34E-07 7.500 5.584E+07 17
MSV FTOC Main Steam Isolation Valve (MSV) Fail to Open/Close EPIX 23 30182 d 401 Beta JINID/IL 7.79E-04 23500  3.016E+04 14
MSV ILS Main Steam Isolation Valve (MSV) Internal Leak Small EPIX 84 55836292 h 490 Gamma JINID/IL 151E-06 84500  5.584E+07 12
MSV SOP Main Steam |solation Valve (MSV)) Spurious Operation EPIX 21 55836292 h 490 Gamma JINID/IL 3.85E-07 21500  5.584E+07 14
SOV ELS Solenoid-Operated Valve (SOV) External Leak Small EPIX 4 131304380 h 1153 Gamma JINID/IL 3.43E-08 4.500 1.313E+08 e 1to 50 gpm. 1997 - 2004 data.
SOV ELL Solenoid-Operated Valve External Lesk Large EPIX h Gamma (ELS*0.07, LL) 2.40E-09 0.300 1.249E+08 18.8 > 50 gpm. Small leak times 0.07.
SOV FC Solenoid-Operated Valve (SOV) Loss of Function / Fail to WSRC 131304380 h Gamma(WSRC, LL) 3.00E-06 0.300 1.000E+05 188
Control
SOV FTO/IC Solenoid-Operated Valve (SOV) Fail to Open/Close EPIX 30 25650 d 775 Beta JINID/IL 119E-03 30.500 2.562E+04 13
SOV ILE Solenoid-Operated Valve (SOV) Internal Leak Small EPIX 23 131304380 h 1153 Gamma JINID/IL 179E-07 23500 1.313E+08 14 1to 50 gpm. 1997 - 2004 data.
SOV ILL Solenoid-Operated Valve Internal Leak Large EPIX h Gamma (ILS*0.02, LL) 3.58E-09 0.300 8.380E+07 18.8 > 50 gpm. Small leak times 0.02
SOV SOF Solenoid-Operated Valve (SOV) Spurious Operation EPIX 4 131304380 h 1153 Gamma JINID/IL 3.43E-08 4.500 1.313E+08 19
TBV FC Turbine Bypass Valve (TBV) Loss of Function / Fail to EPIX 18 17548608 h 154 Gamma JNID/IL 105E-06 18500  1.755E+07 14
Control
TBV FTC Turbine Bypass Valve (TBV) Fail to Close EPIX 0 2023 d 77 Beta JINID/IL 2.47E-04 0.500 2.024E+03 38
TBV FTO Turbine Bypass Valve (TBV) Fail to Open EPIX 8 2023 d 77 Beta JINID/IL 4.20E-03 8.500 2.016E+03 16
VBV FTC Vacuum Breaker Valve (VBV) Fail to Close EPIX 6 20108 d 167 Beta EB/PL/KS  2.97E-04 0.714 2.402E+03 34
VBV FTO Vacuum Breaker Valve (VBV) Fail to Open EPIX 4 20108 d 167 Beta JINID/IL 2.24E-04 4.500 2.010E+04 19
VBV ILS Vacuum Breaker Valve (VBV) Internal Leak Small EPIX 15 37300280 h 336 Gamma JINID/IL 4.16E-07 15500  3.730E+07 14
XVM ELS Manual Valve (XVM) External Leak Small EPIX 26 100961448 h 886 Gamma JINID/IL 2.62E-07 26500 1.010E+08 13
XVM ELL Manual Valve External Leak Large EPIX h Gamma (ELS*0.07, LL) 1.83E-08 0.300 1.636E+07 18.8 > 50 gpm. Small leak times 0.07.
XVM FTO/C Manual Valve (XVM) Fail to Open/Close EPIX 0 2605 d 76 Beta JINID/IL 1.92E-04 0.500 2.606E+03 38
XVM ILS Manual Valve (XVM) Internal Leak Small EPIX 13 100961448 h 886 Gamma JINID/IL 134E-07 13500 1.010E+08 15
XVM ILL Manual Valve Internal Leak Large EPIX h Gamma (ILS*0.02, LL) 2.68E-09 0.300 1.119E+08 18.8 > 50 gpm. Small leak times 0.02
XVM SOF Manual Valve (XVM) Spurious Operation EPIX 8 100961448 h 886 Gamma JINID/IL 8.42E-08 8.500 1.010E+08 16
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Summary of SPAR Component Unreliability Data and Results
2010 Paramater Estimation Update

Group |Component Failure Mode Description Data Data Industry-aver age Failur e Probability or Rate Distribution (note a) Comments
Source Failures Demandsor Hours dor Components Distribution Analysis Mean [ B Error (see Appendix A for details)
h (note b) Tvpe Factor
é EDP AFW FTR>1H Engine-Driven Pump (EDP) Standby Fail to Run greater EPIX 0 231 h 5 Gamma JINID/IL 2.16E-03 0.500 2.311E+02 38
than 1 hour
« EDP AFW FTR<1H Engine-Driven Pump (EDP) Standby Fail to Run less than EPIX 4 584 h 5 Gamma JINID/IL 7.70E-03 4.500 5.800E+02 19
or equal to 1 hour
EDPAFW FTS Engine-Driven Pump (EDP) Fail to Start EPIX 6 1132 d 5 Beta EB/PL/KS  4.88E-03 0.633 1.291E+02 35
EDPELS Engine-Driven Pump (EDP) External Leak Small EPIX 7 6267335 h 55 Gamma JINID/IL 1.20E-06 7.500 6.267E+06 17
EDPELL Diesel-Driven Pump External Leak Large EPIX h Gamma (ELS*0.07, LL) 8.40E-08 0.300 3.571E+06 18.8 > 50 gpm. Small leak times 0.07.
EDP FTR>1H Engine-Driven Pump (EDP) Standby Fail to Run greater EPIX 9 4182 h 36 Gamma JINID/IL 2.27E-03 9.500 4.182E+03 16 No data. FTR<1H times 0.06
than 1 hour
EDP FTR<1H Engine-Driven Pump (EDP) Standby Fail to Run less than EPIX 8 7698 h 36 Gamma EB/PL/KS  1.26E-03 0.554 4.411E+02 37
or equal to 1 hour
EDPFTS Engine-Driven Pump (EDP) Fail to Start EPIX 44 13647 d 41 Beta EB/PL/KS  5.09E-03 0.732 1.429E+02 33
MDPELS Motor-Driven Pump (MDP) External Leak Small EPIX 93 258455367 h 2271 Gamma EB/PL/KS  3.42E-07 0.731 2.136E+06 34
MDPELL Motor-Driven Pump External Lesk Large EPIX h Gamma (ELS*0.07, LL) 2.40E-08 0.300 1.252E+07 18.8 > 50 gpm. Small leak times 0.07.
MDPFTR Motor-Driven Pump (MDP) Fail to Run EPIX 149 45853637 h 704 Gamma EB/PL/KS  3.53E-06 2292 6.496E+05 23
MDPFTS Motor-Driven Pump (MDP) Fail to Start EPIX 150 114473 d 706 Beta EB/PL/KS  1.36E-03 3.282 2.406E+03 20
MDP SBY FTR>1H Motor-Driven Pump (MDP) Standby Fail to Run greater EPIX 110 14219837 h 1341 Gamma EB/PL/KS  1.04E-05 0.781 7.501E+04 33
than 1 hour
MDP SBY FTR<1H Motor-Driven Pump (MDP) Standby Fail to Run lessthan or ~ EPIX 38 326023 h 1341 Gamma EB/PL/KS  1.23E-04 1.820 1.479E+04 24
equal to 1 hour
MDP SBY FTS Motor-Driven Pump (MDP) Fail to Start EPIX 315 363935 d 1341 Beta EB/PL/KS  9.47E-04 1.948 2.054E+03 24
PDPELS Positive Displacement Pump (PDP) External Leak Small EPIX 14 19599696 h 172 Gamma JINID/IL 7.40E-07 14500  1.960E+07 15
PDPELL Positive Displacement Pump External Leak Large EPIX h Gamma (ELS*0.07, LL) 5.18E-08 0.300 5.792E+06 18.8 > 50 gpm. Small leak times 0.07.
PDPFTR Positive Displacement Pump (PDP) Fail to Run EPIX 48 2216149 h 59 Gamma EB/PL/KS  2.30E-05 1.152 5.006E+04 29
PDPFTS Positive Displacement Pump (PDP) Fail to Start EPIX 62 25438 d 62 Beta EB/PL/KS  3.15E-03 1.020 3.229E+02 3.0
PDP SBY FTR>1H Positive Displacement Pump (PDP) Standby Fail to Run EPIX 2 1175 h 74 Gamma JNID/IL 2.13E-03 2.500 1.175E+03 22 No data. FTR<1H times 0.06
greater than 1 hour
PDP SBY FTR<1H Positive Displacement Pump (PDP) Standby Fail to Run less ~ EPIX 2 3527 h 74 Gamma JINID/IL 7.09E-04 2.500 3.525E+03 22
than or equal to 1 hour
PDP SBY FTS Positive Displacement Pump (PDP) Fail to Start EPIX 62 25438 d 62 Beta JINID/IL 179E-03 14500  8.066E+03 15
PMPFTR Pump Volute Fail to Run EPIX 9 74199 h 180 Gamma (EB/PL/KS, EB/PL/KS) 1.35E-04 1.389 1.029E+04 35
PMPFTS Pump Volute Fail to Start EPIX 4 16776 d 180 Beta (Jeffreys, SCNID) 2.68E-04 0.500 1.864E+03 84
TDPELS Turbine-Driven Pump (TDP) External Leak Small EPIX 14 20036597 h 178 Gamma JINID/IL 7.24E-07 14500  2.004E+07 15
TDPELL Turbine-Driven Pump External Leak Large EPIX h Gamma (ELS*0.07, LL) 5.07E-08 0.300 5.919E+06 18.8 > 50 gpm. Small leak times 0.07.
TDPFTR Turbine-Driven Pump (TDP) Fail to Run EPIX 39 4276404 h 42 Gamma EB/PL/KS  9.34E-06 1.792 1.919E+05 25
TDPFTS Turbine-Driven Pump (TDP) Fail to Start EPIX 8 957 d 42 Beta EB/PL/KS  8.93E-03 0.877 9.728E+01 31
TDP SBY FTR>1H Turbine-Driven Pump (TDP) Standby Fail to Run greater EPIX 12 8028 h 133 Gamma JINID/IL 156E-03 12500  8.028E+03 15
than 1 hour
TDP SBY FTR<1H Turbine-Driven Pump (TDP) Standby Fail to Run less than EPIX 54 13062 h 133 Gamma EB/PL/KS  4.43E-03 0.962 2.164E+02 30
or equal to 1 hour
TDP SBY FTS Turbine-Driven Pump (TDP) Fail to Start EPIX 117 19760 d 133 Beta EB/PL/KS  6.49E-03 0.942 1.441E+02 3.0
g CTGFTLR Combustion Turbine Generator (CTG) Fail to Load/Run EPIX 2 156296 d 3 Beta JINID/IL 1.60E-05 2.500 1.563E+05 22
?g CTGFTR Combustion Turbine Generator (CTG) Fail to Run EPIX 3 473 h 3 Gamma JINID/IL 7.40E-03 3.500 4.732E+02 20 1998 - 3Q2004 data used. Data limited so
5 EDG FTR used
O [CTGFTS Combustion Turbine Generator (CTG) Fail to Start EPIX 10 672 d 3 Beta JINID/IL 156E-02 10500  6.629E+02 16
EDG FTLR Emergency Diesel Generator (EDG) Fail to Load/Run EPIX 182 49383 d 224 Beta EB/PL/KS  3.78E-03 2774 7.311E+02 21
EDGFTR Emergency Diesel Generator (EDG) Fail to Run EPIX 113 106820 h 224 Gamma EB/PL/KS  1.10E-03 4.487 4.093E+03 19
EDGFTS Emergency Diesel Generator (EDG) Fail to Start EPIX 161 56695 d 224 Beta EB/PL/KS  2.89E-03 8.111 2.798E+03 16
EDG-SBO FTLR EDG-Station Blackout Fail to Load/Run EPIX 4 444 d 4 Beta 1.01E-02 4.500 4.402E+02 20
EDG-SBO FTR EDG-Station Blackout Fail to Run EPIX 1 1155 h 4 Gamma 1.30E-03 1.500 1.155E+03 33
EDG-SBO FTS EDG-Station Blackout Fail to Start EPIX 14 372 d 4 Beta 4.32E-02 1.094 2.423E+01 4.0
HTGFTLR Hydro Turbine Generator (HTG) Fail to Load/Run EPIX 6 3087 d 2 Beta JINID/IL 2.10E-03 6.500 3.081E+03 17
HTG FTR>1H Hydro Turbine Generator (HTG) Fail to Run EPIX 1 7449 h 2 Gamma JINID/IL 2.01E-04 1.500 7.449E+03 26
HTGFTS Hydro Turbine Generator (HTG) Fail to Start EPIX 7 5141 d 2 Beta JINID/IL 1.46E-03 7.500 5.135E+03 17
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Summary of SPAR Component Unreliability Data and Results
2010 Paramater Estimation Update

Group |Component Failure Mode Description Data Data Industry-aver age Failur e Probability or Rate Distribution (note a) Comments
Source Failures Demandsor Hours dor Components Distribution Analysis Mean [ B Error (see Appendix A for details)
h (note b) Tvpe Factor
§ PORV ELS Power-Operated Relief Valve (PORV) External Leak Small EPIX 5 46264512 h 406 Gamma JINID/IL 1.19E-07 5.500 4.626E+07 18
7>5 PORV FC Power-Operated Relief Valve (PORV) Loss of Function / EPIX 12 46264512 h 406 Gamma JNID/IL 270E-07 12500  4.626E+07 15
5 Fail to Control
T |PORV ILS Power-Operated Relief Valve (PORV) Internal Leak Small EPIX 23 46264512 h 406 Gamma JINID/IL 5.08E-07 23500 4.626E+07 14
% |PORV MSSFTC Power-Operated Relief Valve (PORV) Fail to Close EPIX 14 8363 d 126 Beta JINID/IL 173E-03 14500  8.349E+03 15
PORV MSSFTO Power-Operated Relief Valve (PORV) Fail to Open EPIX 41 8363 d 126 Beta EB/PL/KS  5.56E-03 2123 3.794E+02 23
PORV PPRFTC Power-Operated Relief Valve (PORV) Fail to Close EPIX 4 4657 d 120 Beta JINID/IL 9.66E-04 4.500 4.653E+03 19
PORV PPRFTO Power-Operated Relief Valve (PORV) Fail to Open EPIX 16 4657 d 120 Beta JINID/IL 354E-03 16500 4.641E+03 14
PORV SOP Power-Operated Relief Valve (PORV) Spurious Operation EPIX 21 46264512 h 406 Gamma JINID/IL 4.65E-07 21500  4.626E+07 14
RVL ELS Low-Capacity Relief Valve (RVL) External Leak Small WSRC 7520832 h Gamma JINID/IL 6.65E-08 0.300 4.512E+06 20
RVL FTC Low-Capacity Relief Valve (RVL) Fail to Close WSRC 185 d Beta JINID/IL 2.69E-03 0.300 1.116E+02 18
RVL FTO Low-Capacity Relief Valve (RVL) Fail to Open WSRC 185 d Beta JINID/IL 2.69E-03 0.300 1.116E+02 26
RVLILS Low-Capacity Relief Valve (RVL) Internal Leak Small WSRC 7520832 h Gamma JINID/IL 6.65E-08 0.300 4.512E+06 15
RVL SO Low-Capacity Relief Valve (RVL) Spurious Opening WSRC 7520832 h Gamma JINID/IL 6.65E-08 0.300 4.512E+06 26
SRV ELS Safety Relief Valve (SRV) External Leak Small EPIX 1 62541477 h 577 Gamma JINID/IL 2.40E-08 1.500 6.254E+07 26
SRV FTC Safety Relief Valve (SRV) Fail to Close EPIX 6 739 d 409 Beta EB/PL/KS  8.56E-04 0.922 1.076E+03 31
SRV FTCL Safety Relief Valve Fail to Close (Passing Liquid) WSRC h Beta (WSRC, SCNID) 1.00E-01 0.500 4.500E+00 7.0 Average of 95th percentiles of FTC data
entries
SRV FTO Safety Relief Valve (SRV) Fail to Open EPIX 20 739 d 409 Beta JINID/IL 277E-03  20.500  7.376E+03 14
SRV SOP Safety Relief Valve (SRV) Spurious Operation EPIX 12 62541477 h 577 Gamma EB/PL/KS  2.43E-07 0.443 1.821E+06 4.0
SVV ELS Safety Valve (SVV) External Leak Small EPIX 4 161355977 h 1416 Gamma JINID/IL 2.79E-08 4.500 1.614E+08 19
SVV FTC Safety Valve (SVV) Fail to Close EPIX 3 17320 d 950 Beta JINID/IL 2.02E-04 3.500 1.732E+04 20
SVV FTCL Safety Valve Fail to Close (Passing Liquid) EPIX h Beta (WSRC, SCNID) 1.00E-01 0.500 4.500E+00 7.0 Average of 95th percentiles of FTC data
entries
SVV FTO Safety Valve (SVV) Fail to Open EPIX 7 17320 d 950 Beta EB/PL/KS  4.23E-04 1.034 2.441E+03 3.0
SVVILS Safety Valve (SVV) Internal Leak Small EPIX 14 161355977 h 1416 Gamma JINID/IL 8.99E-08 14500  1.614E+08 15
SVV MSSFTC Safety Valve (SVV) Fail to Close EPIX 2 14809 d 760 Beta JINID/IL 1.69E-04 2.500 1.481E+04 22
SVV MSSFTO Safety Valve (SVV) Fail to Open EPIX 6 14809 d 760 Beta EB/PL/KS  4.51E-04 0.504 1.119E+03 38
SVV MSS soP Safety Valve (SVV) Spurious Operation EPIX 9 136514441 h 1198 Gamma JINID/IL 6.96E-08 9.500 1.365E+08 16
SVV RCSFTC Safety Valve (SVV) Fail to Close EPIX 1 2048 d 147 Beta JINID/IL 7.32E-04 1.500 2.048E+03 26
SVV RCSFTO Safety Valve (SVV) Fail to Open EPIX 1 2048 d 147 Beta JINID/IL 7.32E-04 1.500 2.048E+03 26
SVV RCS SOP Safety Valve (SVV) Spurious Operation EPIX 9 136514441 h 1198 Gamma JINID/IL 6.96E-08 9.500 1.365E+08 16
% [ABT FC Automatic Bus Transfer Switch (ABT) Loss of Function / EPIX 0 311 h 23 Gamma JINID/IL 1.60E-03 0.500 3.116E+02 38
£ Fail to Control
‘3 |ABT SOP Automatic Bus Transfer Switch (ABT) Spurious Operation EPIX 0 3646454 h 32 Gamma JINID/IL 1.37E-07 0.500 3.646E+06 38
fir}
B [BAT FTOP Battery (BAT) Fail to Operate EPIX 3 57203716 h 502 Gamma EB/PL/KS 5.86E-07 1883  3.213E+06 24
§ BCH FTOP Battery Charger (BCH) Fail to Operate EPIX 233 95947373 h 842 Gamma EB/PL/KS  2.71E-06 1.281 4.728E+05 27
W |[BUSACFTOP Bus (BUS) Fail to Operate EPIX 101 146884096 h 1289 Gamma EB/PL/KS  1.39E-06 0.703 5.065E+05 34
BUSDC FTOP Bus (BUS) Fail to Operate EPIX 1 6381312 h 56 Gamma JINID/IL 2.35E-07 1.500 6.381E+06 26
CRB FTO/C Circuit Breaker (CRB) Fail to Open/Close EPIX 179 126213 d 4494 Beta EB/PL/KS ~ 2.39E-03 0.955 3.983E+02 3.0
CRB SOP Circuit Breaker (CRB) Spurious Operation EPIX 4 91161573 h 800 Gamma EB/PL/KS  2.11E-07 1.156 5.470E+06 28
CRBDC FTOC Circuit Breaker (CRB) Fail to Open/Close EPIX 7 13080 d 667 Beta JINID/IL 5.73E-04 7.500 1.307E+04 17
CRBDC SOP Circuit Breaker (CRB) Spurious Operation EPIX 4 91161573 h 800 Gamma JINID/IL 4.94E-08 4.500 9.116E+07 19
CRBHV FTOC Circuit Breaker (CRB) Fail to Open/Close EPIX 39 7964 d 257 Beta EB/PL/KS  6.66E-03 1.090 1.625E+02 29
CRBHV SOP Circuit Breaker (CRB) Spurious Operation EPIX 4 91161573 h 800 Gamma EB/PL/KS  8.08E-07 1.370 1.696E+06 27
CRBMV FTOC Circuit Breaker (CRB) Fail to Open/Close EPIX 59 43068 d 1087 Beta EB/PL/KS  2.70E-03 0.556 2.052E+02 37
CRBMV SOP Circuit Breaker (CRB) Spurious Operation EPIX 4 91161573 h 800 Gamma JINID/IL 1.04E-07 14500  1.398E+08 15
INV FTOP Inverter (INV) Fail to Operate EPIX 95 25981056 h 228 Gamma EB/PL/KS  5.60E-06 1.184 2.114E+05 28
MCC FTOF Motor Control Center (MCC) Fail to Operate EPIX 6 24727584 h 217 Gamma EB/PL/KS  2.61E-07 0.844 3.230E+06 32
SEQ FTOF Sequencer Fail to Operate EPIX 2 h 225 Beta (Jeffreys, SCNID) 3.33E-03 0.500 1.495E+02 84
TFM FTOP Transformer (TFM) Fail to Operate EPIX 267 599615105 h 5262 Gamma EB/PL/KS  9.44E-07 0.957 1.014E+06 3.0
g FLTELS Filter (FLT) External Leak Small EPIX 3 24955463 h 219 Gamma JINID/IL 1.40E-07 3.500 2.496E+07 20
-5 |FLT PG Filter (FLT) Plugged EPIX 3 11281248 h 99 Gamma JINID/IL 3.10E-07 3.500 1.128E+07 20
& |[FLTSCBYP Self-Cleaning Strainer (FLTSC) Bypass EPIX 1 19143936 h 168 Gamma JINID/IL 7.84E-08 1.500 1.914E+07 26
FLTSCELS Self-Cleaning Strainer (FLTSC) External Leak Small EPIX 16 19143936 h 168 Gamma JINID/IL 8.62E-07 16500  1.914E+07 14
FLTSC FTOP Self-Cleaning Strainer (FLTSC) Fail to Operate EPIX 76 19143936 h 168 Gamma JINID/IL 4.00E-06 76.500  1.914E+07 12
FLTSC PG Self-Cleaning Strainer (FLTSC) Plugged EPIX 44 19143936 h 168 Gamma JINID/IL 2.32E-06 44500  1.914E+07 13
SMP PG Sump Strainer (SMP) Plugged EPIX 5 10825440 h 95 Gamma JINID/IL 5.08E-07 5.500 1.083E+07 18
TRK PG Trash Rack (TRK) Plugged EPIX 4 1139520 h 10 Gamma JINID/IL 3.95E-06 4.500 1.140E+06 19
TSA PG Traveling Screen Assembly (TSA) Plugged EPIX 64 23929916 h 210 Gamma EB/PL/KS  3.07E-06 0.522 1.699E+05 38 For SWSs with potential for environmental

insults
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Summary of SPAR Component Unreliability Data and Results
2010 Paramater Estimation Update

Group |Component Failure M ode Description Data Data Industry-aver age Failur e Probability or Rate Distribution (note a) Comments
Source Failures Demandsor Hours dor Components Distribution Analysis Mean [ B Error (see Appendix A for details)
h (note b) Tvpe Factor
_'§ BISFTOF Bistable Fail to Operate RPS SSs 55 102094 d Beta (Jeffreys, SCNID) 5.44E-04 0.500 919.2747748 8.4
g [Msw FTo/c Manual Switch Fail to Open or Close RPS SSs 2 19789 d Beta (Jeffreys, SCNID) 1.26E-04 0.500 3.958E+03 8.4
g PLDT FTOP Process Logic (Delta Temperature) Fail to Operate RPSSSs 243 4887 h Beta (Jeffreys, SCNID) 507E-03 0500  9.803E+01 84
= PLF FTOF Process Logic (Flow) Fail to Operate RPSSSs Nodata h Beta (PLL, SCNID) 6.26E-04 0.500 7.988E+02 8.4 No data, so PLL FTOP used
g PLL FTOF Process Logic (Level) Fail to Operate RPS SSs 81 6075 h Beta (Jeffreys, SCNID) 6.26E-04 0.500 7.988E+02 8.4
& |PLPFTOF Process Logic (Pressure) Fail to Operate RPS SSs 5.6 38115 h Beta (Jeffreys, SCNID) 1.60E-04 0.500 3.124E+03 8.4
RLY FTOP Relay Fail to Operate RPSSSs 237 974417 h Beta (Jeffreys, SCNID) 2.48E-05 0.500 2.013E+04 8.4
RTB (BME) FTO/C RPS Breaker (Mechanical) Fail to Open or Close RPS SSs 10 97359 d Beta (Jeffreys, SCNID) 1.54E-05 0.500 3.245E+04 8.4
RTB (BSN) FTOP RPS Breaker (Shunt Trip) Fail to Operate RPS SSs 14.0 44104 h Beta (Jeffreys, SCNID) 3.29E-04 0.500 1.520E+03 8.4
RTB (BUV) FTOP RPS Breaker (Undervoltage Trip) Fail to Operate RPSSSs 231 57199 h Beta (Jeffreys, SCNID) 4.13E-04 0.500 1.211E+03 8.4
RTB FTO/C RPS Breaker (Combined) Fail to Open or Close RPS SSs d Beta (Jeffreys, SCNID) 1.55E-05 0.500 3.217E+04 8.4 RTB combined failure probability is BME
+ BSN*BUV
STF FTOP Sensor/Transmitter (Flow) Fail to Operate RPS SSs h Beta (STL, SCNID) 8.15E-04 0.500 6.132E+02 84 Level sensor/transmitter results used. Both
Sensor/Transmitter (Flow) Fail to Operate RPS SSs h Gamma (STL, SCNID) 1.02E-07 0.500 4.916E+06 8.4 the beta distribution and the gamma
STL FTOP Sensor/Transmitter (Level) Fail to Operate RPS SSs 5.0 6750 d Beta (Jeffreys, SCNID) 8.15E-04 0.500 6.132E+02 8.4 Both the beta distribution and the gamma
Sensor/Transmitter (Level) Fail to Operate RPS SSs 0.5 9831968 h Gamma (Jeffreys, SCNID) 1.02E-07 0.500 4.916E+06 84 distribution must be used (added). For the
STPFTOP Sensor/Transmitter (Pressure) Fail to Operate RPS SSs 28 23960 d Beta (Jeffreys, SCNID) 1.17E-04 0.500 4.278E+03 8.4 Both the beta distribution and the gamma
Sensor/Transmitter (Pressure) Fail to Operate RPSSSs 352 43430451 h Gamma (Jeffreys, SCNID) 8.22E-07 0.500 6.083E+05 8.4 distribution must be used (added). For the
STT FTOF Sensor/Transmitter (Temperature) Fail to Operate RPS SSs 17.1 40759 d Beta (Jeffreys, SCNID) 4.32E-04 0.500 1.157E+03 84 Both the beta distribution and the gamma
Sensor/Transmitter (Temperature) Fail to Operate RPS SSs 29.0 35107399 h Gamma (Jeffreys, SCNID) 8.40E-07 0.500 5.950E+05 8.4 distribution must be used (added). For the
g CRD FTOF Control Rod Drive Fail to Operate EPIX 13 136286592 h Gamma JINID/IL 991E-08 13500 1.363E+08 15
@ |CRD SOF Control Rod Drive (CRD) Spurious Operation EPIX 26 136286592 h 1196 Gamma JINID/IL 194E-07 26500  1.363E+08 s
B [HCUFTI Hydraulic Control Unit (HCU) Fail to Insert EPIX 2 269552 d 370 Beta JINID/IL 9.27E-06 2.500 2.696E+05 22
(Eg HCU FTOP Hydraulic Control Unit (HCU) Fail to Operate EPIX 22 747292641 h 6558 Gamma EB/PL/KS  3.28E-08 0.633 1.931E+07 35
© |Hcu sop Hydraulic Control Unit (HCU) Spurious Operation EPIX 14 747292641 h 6558 Gamma JINID/IL 194E-08 14500  7.473E+08 15
ROD FTOP Control Rod (ROD) Fail to Operate EPIX 28 95605727 h 839 Gamma JINID/IL 298E-07 28500 9.561E+07 s
ROD SOP Control Rod (ROD) Spurious Operation EPIX 18 95605727 h 839 Gamma JINID/IL 194E-07 18500  9.561E+07 14
§ |AHU FTR Air Handling Unit (AHU) Fail to Run EPIX 52 12998080 h 142 Gamma EB/PL/KS  5.61E-06 0.774 1.379E+05 33
® |AHUFTS Air Handling Unit (AHU) Fail to Start EPIX 44 12566 d 142 Beta EB/PL/KS  3.86E-03 0.461 1.189E+02 39
‘g AHU SBY FTR>1H Air Handling Unit (Standby) Fail to Run After First Hour of ~ EPIX 0 131445 h 175 Gamma 3.80E-06 0.500 1.314E+05 8.4
> Operation
‘g AHU SBY FTR<1H Air Handling Unit (Standby) Fail to Run During First Hour EPIX 4 6965 h 56 Gamma 2.28E-03 0.300 1.316E+02 18.8
= of Operation
§ AHU SBY FTS Air Handling Unit (Standby) Fail to Start EPIX 10 22251 d 231 Beta 8.29E-04 0.360 4.339E+02 135
AOD FTO/C Air Damper (DMP) Fail to Open/Close EPIX 10 28725 d 126 Beta JINID/IL 3.66E-04 10500 2.872E+04 16
AOD SOP Air Damper (DMP) Spurious Operation EPIX 1 20625312 h 181 Gamma JINID/IL 7.27E-08 1.500 2.063E+07 26
CHL FTR Chiller (CHL) Fail to Run EPIX 180 5913615 h 131 Gamma JINID/IL 3.05E-05 180.500 5.914E+06 11
CHL FTS Chiller (CHL) Fail to Start EPIX 84 19071 d 135 Beta EB/PL/KS  1.30E-02 0.581 4.408E+01 36
FAN FTR Fan (FAN) Fail to Run EPIX 59 12619800 h 219 Gamma EB/PL/KS  5.88E-06 0.530 9.019E+04 38
FAN FTS Fan (FAN) Falil to Start EPIX 42 9920 d 219 Beta JINID/IL 7.09E-04 42500  5.988E+04 13
FAN SBY FTR>1H Fan (FAN) Standby Fail to Run greater than 1 hour EPIX 4 99174 h 127 Gamma JINID/IL 4.54E-05 4.500 9.917E+04 19
FAN SBY FTR<IH Fan (FAN) Standby Fail to Run lessthan or equal to 1 hour EPIX 33 31278 h 127 Gamma JINID/IL 107E-03 33500 3.125E+04 13
FAN SBY FTS Fan (FAN) Falil to Start EPIX 34 40959 d 127 Beta JINID/IL 842E-04 34500  4.093E+04 13
HOD FTO/C Air Damper (DMP) Fail to Open/Close EPIX 20 35320 d 95 Beta JINID/IL 5.80E-04 20.500  3.530E+04 14
HOD ILS Air Damper (DMP) Internal Leak Small EPIX 0 13902144 h 122 Gamma JINID/IL 3.60E-08 0.500 1.390E+07 38
HOD SOF Air Damper (DMP) Spurious Operation EPIX 8 13902144 h 122 Gamma JINID/IL 6.11E-07 8.500 1.390E+07 16
MOD FTO/C Air Damper (DMP) Fail to Open/Close EPIX 7 28537 d 64 Beta EB/PL/KS  2.33E-04 1.546 6.634E+03 26
MOD ILS Air Damper (DMP) Internal Leak Small EPIX 1 10825440 h 95 Gamma JINID/IL 1.39E-07 1.500 1.083E+07 26
MOD SOF Air Damper (DMP) Spurious Operation EPIX 0 10825440 h 95 Gamma JINID/IL 4.62E-08 0.500 1.083E+07 38
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Summary of SPAR Component Unreliability Data and Results
2010 Paramater Estimation Update

Group |Component Failure M ode Description Data Data Industry-aver age Failur e Probability or Rate Distribution (note a) Comments
Source Failures Demandsor Hours dor Components Distribution Analysis Mean [ B Error (see Appendix A for details)
h (note b) Tvpe Factor
% [ACCELS Accumulator (ACC) External Leak Small EPIX 8 76505917 h 675 Gamma JINID/IL 1.11E-07 8.500 7.651E+07 16
£ |ACCELL Air Accumulator External Leak Large EPIX h Gamma (ELS*0.07, LL) 7.77E-09 0.300 3.861E+07 188 Small leak times 0.07
‘S [ADU FTOF Air Dryer Unit Fail to Operate WSRC h Gamma (WSRC, LL) 5.00E-06 0.300 6.000E+04 18.8
% CTFFTR Cooling Tower Fan (CTF) Fail to Run EPIX 2 1086740 h 20 Gamma JINID/IL 2.30E-06 2.500 1.087E+06 22
3 |CTFFTS Cooling Tower Fan (CTF) Fail to Start EPIX 1 1941 d 20 Beta JINID/IL 7.73E-04 1.500 1.940E+03 26
g CTF SBY FTR>1H Cooling Tower Fan (CTF) Standby Fail to Run greater than EPIX 9 334665 h 46 Gamma JINID/IL 2.84E-05 9.500 3.347E+05 16
T 1 hour
.2 CTF SBY FTR<1H Cooling Tower Fan (CTF) Standby Fail to Run less than or EPIX 9 334665 h 46 Gamma JINID/IL 2.84E-05 9.500 3.347E+05 16
equal to 1 hour
CTF SBY FTS Cooling Tower Fan (CTF) Fail to Start EPIX 18 23885 d 46 Beta EB/PL/KS  3.54E-03 0.578 1.625E+02 3.6
EDCFTR Engine-driven Air Compressor (EDC) Fail to Run EPIX 15 5687 h 5 Gamma EB/PL/KS  3.78E-03 0.633 1.676E+02 35
EDCFTS Engine-driven Air Compressor (EDC) Fail to Start EPIX 2 1019 d 5 Beta JINID/IL 2.45E-03 2.500 1.017E+03 22
HTX CCW/RHRLOHT  Heat Exchanger (HTX) Loss of Heat Transfer EPIX 16 31564654 h 277 Gamma JINID/IL 5.23E-07 16500  3.156E+07 14 Data limited to CCW and RHR systems
HTX SHELL ELS Heat Exchanger (HTX) External Leak Small EPIX 60 222547790 h 1953 Gamma EB/PL/KS  3.34E-07 0.616 1.842E+06 3.6
HTX SHELL ELL Heat Exchanger Shell External Leak Large EPIX h Gamma (ELS*0.07, LL) 2.34E-08 0.300 1.282E+07 18.8 > 50 gpm. Small leak times 0.07.
HTX TUBE ELL Heat Exchanger (HTX) Loss of Heat Transfer EPIX 82 222547790 h 1953 Gamma EB/PL/KS  4.57E-07 0.534 1.170E+06 38 > 50 gpm. Small leak times 0.15.
HTX TUBEELS Heat Exchanger (HTX) Internal Leak Small EPIX 78 222547790 h 1953 Gamma EB/PL/KS  3.79E-07 0.430 1.133E+06 41
MDCFTR Air Compressor (CMP) Fail to Run EPIX 389 5540316 h 128 Gamma EB/PL/KS  8.50E-05 2.003 2.357E+04 24
MDC FTS Air Compressor (CMP) Fail to Start EPIX 152 2 d 128 Beta EB/PL/KS  1.71E-02 0.586 3.372E+01 3.6
MDC SBY FTR>1H EPIX 17.9 10999 h 28 Gamma (EB/PL/KS, EB/PL/KS) 2.62E-03 1.696 6.473E+02 31
MDC SBY FTR<1H EPIX 3 939 h 5 Gamma (EB/PL/KS, LL) 3.14E-03 0.300 9.554E+01 18.6
MDC SBY FTS EPIX 15 2150 d 33 Beta (EB/PL/KS, EB/PL/KS) 7.13E-03 0.476 6.628E+01 89
ORF PG Orifice Plug WSRC h Gamma(WSRC, LL) 1.00E-06 0.300 3.000E+05 18.8
PIPE OTHERELS Piping Non-Service Water System External Leak Small EPIX 35 15830000000 h Gamma (Jeffreys, SCNID) 2.53E-10 0.500 1.979E+09 8.4 1to 50 gpm. 1997 - 2004 data. Leakage
rateis per hour per foot.
PIPE OTHER ELL Piping Non-Service Water System External Leak Large EPIX h-ft Gamma (ELS*0.1, LL) 2.53E-11 0.300 1.187E+10 188  >50gpm. Small leak times 0.1. Leakage
rateis per hour per foot.
PIPE SWSELS Piping Service Water System External Leak Small EPIX 85 13060000000 h Gamma (Jeffreys, SCNID) 6.89E-10 0.500 7.256E+08 8.4 11to 50 gpm. 1997 - 2004 data. Leakage
rateis per hour per foot.
PIPE SWSELL Piping Service Water System External Leak Large EPIX h-ft Gamma (ELS*0.2, LL) 1.38E-10 0.300 2.177E+09 188  >50gpm. Small leak times 0.2. Leakage
rateis per hour per foot.
TNK PRESELS Tank (TNK) External Leak Small EPIX 6 19941600 h 175 Gamma JINID/IL 3.26E-07 6.500 1.994E+07 17
TNK PRESELL Tank Unpressurized External Lesk Large EPIX h Gamma (ELS*0.07, LL) 2.28E-08 0.300 1.315E+07 18.8 > 50 gpm. Small leak times 0.07.
TNK UNPRELS Tank (TNK) External Leak Small EPIX 6 24955440 h 219 Gamma JINID/IL 2.60E-07 6.500 2.496E+07 17
TNK UNPRELL Tank Unpressurized External Lesk Large EPIX h Gamma (ELS*0.07, LL) 1.82E-08 0.300 1.648E+07 18.8 > 50 gpm. Small leak times 0.07.

Acronyms - BWR (boiling water reactor), EB/PL/KS (empirical Bayes/plant level/Kass Steffey), EPIX (Equipment Performance and Information Exchange), INID/IL (Jeffreys noninformative distribution/industry level), LL (lower limit), PLL (process logic level), PWR (pressurized water reactor), SCNID

Effective Date

l’\]de a- The Jeffreys mean is obtained from a Ba;/ea'an update of the de?e,/s nonir;fb}mative prior. For demand-related events, the mean is (n + 0.5)?(|‘D + 1), where n is the number of failures and D is the number of demands. For time-related failures, the mean is (n + 0.5)/T, where T is the number of

Ilil’oté’b - Theerror factor isfrom an empirical Bayes analysis at the plant level, with Kass-Steffey adjustment. The error factor is the 95th percentile divided by the median.

Note b - The format for the distributionsis the following: distibution type (source for mean, source for o factor)




